Measuremeut of the extent of diabetic retinopathy is an essential part of assessing the efficacy of local or systemic treatment regimens. Current clinical studies use empiri cal grading of retinopathy which is performed by a trained observer using standard photographs. This method is relatively arbitrary, as well as time consuming and vul nerable to observer error.
The purpose of quantifying the visible retinal pathological features of diabetic retinopathy is to be able to follow the progress of the ret inal disease either with or without treatment.
In general terms, quantification of lesions consists either of object counting or area measurement.
Manual counts of small numbers of well defined objects can be accurate and reprodu cible, but reliability declines as the objects become less sharply defined and larger in number. Area measurements are less well performed manually. Many of the lesions are of irregular shape, and may have ill defined margins, making inter and intra observer vari ations more likely.
The classification systems currently in use recognise these problems, !,2 and make no attempt to measure precisely areas of leakage or hard exudates. Instead, area measure ments are related to the optic disc diameter or to a percentage of a given field of photo- Computerised methods of measuring exu dates have been described.7,8.9 At best these are semi-automated, requiring user interac tion at thresholding stages, thus reducing the objectivity of the techniques.
In current studies of diabetic retinopathy the methods used for quantifying macular oedema are semi-quantitative1, 2 reproducibility of the system were tested.
Exudates
As retinal exudates appear 'whiter', i.e. have a higher gray level value than the surrounding normal retina, a gray level thresholding tech nique13 was used to segment and quantify the exudates. Our method has been reported in detail elsewhere,12 and is summarised below.
Before thresholding was performed the 
Results

Macular leakage
The accuracy of the technique was estimated
to be approximately 97%. The coefficient of variation for reproducibility varied between 27% for small patchy areas of leakage, to less than 6% for large confluent areas of leakage. An example of a typical result is shown in Figure 3 .
Discussion
The cognitive abilitity of the human observer is capable of compensating for some of the photographic variations in fundus images, but may not do so reproducibly. A computer has no cognitive function, obeying only the instructions given to it (the program), but will always produce an identical result in analysing an identical large set of comple� data i.e. an ophthalmic image. For counting large or small numbers of objects, and for area measure ments, a computer is therefore capable of 100% reproducibility under ideal circum stances. In practical terms it is the quality of sis, and inclusion in data and knowledge bases.
Conclusion
We have described a low cost prototype digi tal imaging system on which we have investi gated the quantitative information contained within fundus images. We have applied our results in the development of programs to detect and quantify microaneurysms, exu dates and macular leakage in diabetic retino pathy. The applications described in this paper represent a small selection of those available by digital imaging of the fundus. We believe that with appropriate development quantitative analysis of fundus images will soon become a powerful clinical tool.
